Introduction
The determination of elemental concentrations in fluid inclusions has greatly advanced the understanding of mass transfer by fluids in the earth's crust and the formation of ore deposits [1] [2] [3] [4] [5] [6] [7] [8] .
Given the importance of textural control and local features within minerals, notably multiple generations of different fluid inclusions that may be trapped successively in a single mineral grain, laser ablation (LA) was recognized by early authors [9] [10] [11] [12] [13] as a powerful sample introduction device for inductively coupled plasma (ICP) based spectrometry for this kind of samples. Laser ablation was 2 coupled to ICP atomic emission spectrometers (AES) in the early 1980s by several authors [14] [15] [16] and first coupled to ICP mass spectrometry (ICP-MS) by Gray 17 in 1985. Around 1990, laser ablation was recognized as preferred sampling tool for fluid inclusion analysis by coupling it to ICP-AES [9] [10] [11] 18 or to ICP-MS 12, 13, 19 . With well-controlled ablation of quartz by UV lasers 20 and the development of quantification strategies for transient inclusion signals by combination of LA-ICP-MS with microthermometry [21] [22] [23] [24] , LA-quadrupole (Q-)ICP-MS has become the established method for major and trace elemental analysis of natural fluid inclusions, as summarized in several application reviews 25, 26 . In experimental studies of mineral solubility at high pressures and temperatures, synthetic fluid inclusions can be used to trap solutions at run conditions without disturbing the equilibrium system, followed by LA-ICP-MS analysis after cooling of the mineral host [27] [28] [29] [30] .
The small size of natural as well as synthetic fluid inclusions, typically ranging from a few microns up to a few tens of microns in most samples, remains an ongoing challenge in many applications.
Smaller inclusion size affects LA-ICP-MS in two ways: it reduces the absolute mass of any element to be detected, but it also leads to shorter signals that are more difficult to quantify in a representative manner.
Absolute detection limits, largely determined by inclusion mass and the concentration of the elements of interest contained in an inclusion, is the first-order limitation in applying fluid inclusion microanalysis to resolve important geochemical questions in hydrothermal ore formation as well as metamorphic and magmatic petrology. Small inclusions of dilute fluids forming in low-temperature geological environments have been largely inaccessible to microanalytical studies, which is regrettable because smaller fluid inclusions occur in far greater numbers and may commonly be better preserved than larger ones. However, going to smaller inclusions means lowering the total mass available for an analysis. This is particularly critical for economically interesting trace elements such as gold, which is commonly present in concentrations below 1 µg/g and therefore close or below the detection limit in a wide range of inclusions. Reducing the absolute amount in an inclusion by going down to the smallest possible size in LA-ICP-MS primarily requires maximizing the sensitivity of the ICP-MS 31 , although for some elements the background intensity is the limiting factor (e.g., anion components like S, Cl, Br
32
). In this study, we explore the suitability of a state-of-art SF-ICP-MS for quantifying low short transient signals of multiple elements across a wide mass range, by the ablation of thin layers of known analyte density and of a well-defined assemblage of numerous compositionally identical fluid inclusions. A Q-ICP-MS (Elan 6100 DRC) was used for direct comparison using the same ablation optics and aerosol transport system, using He as sample-chamber gas merged with Ar (± minor H 2 )
downstream from the sample cell.
Experimental ETH Zurich's ArF excimer laser system, which is described in more detail by Günther et al. 20 as the prototype of the commercial GeoLas system (Coherent, Germany) was used for all ablation experiments, in combination with a fast wash-out rhomb-shaped ablation cell having a volume of 1 cm 3 . The SF-ICP-MS was an Element XR (Thermo Scientific, Bremen, Germany), standing next to an Elan 6100 DRC (PerkinElmer, Canada). Both instruments were tuned to high sensitivity and low oxide formation ratio (ThO/Th). The Element XR was furthermore optimized and successfully tested for low settling times, reducing the cycle time by about a factor of two compared to the software settings by the manufacturer for the chosen element menu. The detailed parameters are listed in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 4   Table 1 . To ensure the same laser ablation conditions, measurements with both mass spectrometers were performed on the same days without changing the laser conditions, moving the sample in the chamber or modifying the transport conditions except for the transfer tube from the ablation cell. Tube length was about 0.6 m to the Elan 6100 DRC, and about 3 m to the Element XR. The longer tube spread out the signal time by about 20 %, which roughly compensates for the 20 % longer cycle time on the Element XR. Hydrogen was added to the carrier gas for the measurements with the Elan 6100 DRC only, to enhance its sensitivity for heavier elements including gold 39 . A typical set of 21 elements was measured, on isotopes which had the highest signal to noise ratio for the Elan 6100 DRC setup. The LA-ICP-MS signals were evaluated with SILLS 40 and the limits of detection (LOD) were calculated according to eq. 1 (eq. 6 in Pettke et al. 
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Thin layers (50 nm) of chromium and copper on a glass slide were produced by physical vapor deposition. A microscope cover glass (thickness ~0. . The average diameter of each inclusion was measured in a microscope before ablation and a spherical symmetry was assumed to estimate the inclusion volume.
Results
The gold concentration in the thin chromium layer was determined with NIST SRM 610 as external standard and using 53 Cr as internal standard (concentration 100 %). Identical gold concentrations of 1.7 ± 0.5 and 1.7 ± 0.2 µg g -1 from five individual measurements were obtained using the Elan 6100 DRC and the Element XR, respectively. The corresponding LOD's were 0.7 and 0.15 µg g 
31
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